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ANAESTHESIA With the steroid agent Althesin is usually associated with reductions in arterial blood pressure. [1] [2] [3] [4] [5] [6] [7] Depending on the rate of iniection, the maximum depressant effect on blood pressure occurs usually after two or three minutes, while recovery requires approximately 15 minutes. 8 The hypotension has been attributed to a reduction in peripheral resistance 4,6,'9 since cardiac output remains unaltered. 8,1~ Although myocardial contractility 11 and stroke volume 4,1~ are depressed, cardiac output remains constant due to a concomitant increase in heart rate. 8,5,r,l~ Large doses of Althesin prevent the reflex bradycadia in response to the pressor effect of adrenaline, suggesting that the baroreceptor reflex is impaired? 4 As the pressor effects of adrenaline TM and methoxamine a are unaffected by the drug, its action is unlikely to be a direct one on vascular smooth muscle.
We have investigated the effects of Althesin on central sympathetic discharge and baroreceptor pathways, to clarify their influence on the circulatory responses observed.
METHODS
Male New Zealand white rabbits weighing 2.8 to 3.5 kg were anaesthetized with pentobarbitone, or were decerebrated. The latter procedure was carried out under anaesthesia with 3 per cent halothane in oxygen, following early insertion of a tracheal cannula. The accompanying arterial pressure drop restricted bleeding and rendered carotid clamping unnecessary. At least one hour was allowed to elapse after administration of halothane had been discontinued before the effects of Althesin or thiopentone were studied.
In intact rabbits anaesthesia was induced with pentobarbitone 30 mg/kg given initially through the marginal ear vein, subsequent maintenance doses of 4 mg/kg being administered every 40 minutes through a femoral vein cannula.
Following the preparatory period, gallamine 1 mg/kg was given intravenously every 40 minutes in all animals. Mechanical ventilation using a Harvard pump Model 613 with 100 per cent oxygen was adjusted to maintain end-tidal carbon dioxide at approximately 4 per cent as monitored with a Beckman LB-2 carbon dioxide analyzer. Arterial pressure was recorded from the femoral artery with a Bell and Howell transducer, and heart rate was obtained from the pressure channel by means of a Devices instantaneous ratemeter. These measurements were displayed on a Devices MX-4 four-channel recorder. Rectal temperature was maintained at 38.5 ---0.5 ~ by mean of a Palmer homoeothermic blanket. Arterial pH was measured with an IL 213 meter, and maintained above 7.30.
Preganglionic cervical sympathetic activity was recorded from strands dissected from the central end of the divided left nerve using bipolar platinum electrodes. The signal was amplified by a Tektronix Type 122 preamplifier, displayed on a Type D12 oscilloscope, thence taken to a pulse height selector, whence the spikes (above noise) were counted on a Panax ratemeter. Mean sympathetic discharge rate was displayed on the Devices recorder, using a time constant of 1 to 3 seconds. In each experiment, 2/zg adrenaline was given intravenously to establish that the multifibre sympathetic preparation was under baroreceptor control, studies being continued only if nerve activity was reduced by the resulting rise in arterial pressure.
The desheathed central end of the divided left aortic depressor nerve was placed over a pair of silver wire electrodes for stimulation by a Devices isolated output stage. Stimulation was supramaximal, using 0.1 msee pulses at 50 Hz for 20 seconds. In all rabbits, the right aortic depressor nerve was also divided.
In six animals both vagi were divided in the neck and the desheathed peripheral end of the left nerve was placed on silver electrodes to allow supramaximal stimulation (0.1 msee pulse width, 5 Hz for 20 seconds).
Althesin or thiopentone was given intravenously, in progressively increasing doses, at least 30 minutes being allowed to elapse between each injection to ensure recovery to previous control levels.
The quantities of Althesin and thiopentone required to produce anaesthesia were determined by injections of the drugs into conscious rabbits through the marginal ear vein. In order to assess possible effects of the solvent in Althesin, volumes equivalent to each dose level were given to two decerebrate and two pentobarbitone-anaesthetized rabbits. Other animals received a single injection of solvent equivalent to the largest volume of althesin used.
The data were analyzed for significance by the use of Student's "t" test. The term "significant" in this report relates to P values of <0.05, by paired comparisons.
RESULTS

Althesin
Anaesthesia was produced in conscious rabbits with Althesin 0.1-0.2 ml/kg, which caused transient depression of arterial pressure and respiratory rate. The The responses (mean -S.E.) of heart rate, mean arterial pressure, and preganglionic sympathetic activity to Althesin in five decerebrate animals are shown respectively in the left sections of Figures 1, 2 and 3. The shaded areas indicate the percentage change from the level just before injection, two minutes after the drug had been given. In these decerebrate rabbits, mean arterial pressure and heart rate at the start of the experiment averaged 77 (--+10) mm Hg and 306 (---11) beats/rain respectively, levels which were similar to those in animals anaesthetized lightly with pentobarbitone. Figure 1 shows that the effects of Althesin on heart rate were small, a statistically significant reduction being measured with 0.4 and 0.8 ml/kg. Mean arterial pressure ( Figure 2 ) and sympathetic discharge ( Figure 3) were reduced significantly by all doses except the lowest of 0.05 ml/kg. Figure 4 relates the depressant action of Althesin on sympathetic activity and arterial pressure; with the exception of experiment (~), the responses appear to be associated or correlated.
A representative record of the effects of 0.2 m/kg Althesin is shown in Figure 5 . In the presence of light background anaesthesia with pentobarbitone the responses to Althesin were more pronounced and variable and are shown in Figure  6 (shaded areas). Significant reductions in heart rate and mean arterial pressure occurred with 0.4 and 0.8 ml/kg. Sympathetic activity was depressed significantly by Althesin at all dose levels when given with a background of light pentobarbitone anaesthesia.
The effects of Althesin on the three components of the baroreceptor reflex in decerebrate animals are showal in the left section of Figures 1, 2 and 3 . The unshaded areas represent the percentage reductions in heart rate, mean arterial pressure and preganglionic activity induced by depressor nerve stimulation at the start of the experiment and two minutes after injection of each dose. The "control" measurements to which these reductions relate are those just before each injection of Althesin. While it may be assumed that inhibition of the reflex is shown by a reduction in the open areas, it is emphasized that this effect is superimposed on the depressant action of the drug per se (shaded area). Because of this lowered baseline prior to depressor stimulation, a statistical assessment of "percentage baroreceptor inhibition," or similar deductions, have been avoided deliberately. From Figure 1 , however, which shows that the drug itself has minimal effects on heart rate e• in the highest dose, it is concluded that even 0.05 ml/kg Althcsin depresses this component of the baroreceptor reflex. Figure 3 also indicates clearly that the drug does not inhibit the fall in preganglionic sympathetic activity induced by baroreceptor stimulation. Changes in the arterial pressure component, illustrated in Figure 2 , suggest an inhibitory action only if the effect of the drug on the background level is excluded.
In animals given pentobarbitone, in which decreases in heart rate, arterial pres- sure and sympathetic activity caused by Althesin were more pronounced ( Figure  6 ), an accurate quantitative assessment of change in the magnitude of the baroreceptor reflex is still more complex, and again has been avoided. However, the results were similar to those in the decerebrate animals. Inhibition of the heart rate component, shown by a reduced open area in the top section of Figure 6 , occurred with the lowest doses of Althesin (0.05 and 0.1 ml/kg). In volumes equivalent to those used with Althesin the solvent ( cremophor EL), when injected alone, had no distinct effect on the three measurements.
Thiopentone
In conscious animals, anaesthesia was produced with 4 to 8 mg/kg thiopentone. The drug had little effect on heart rate (shaded areas in right section of Figure  1 ), while mean arterial pressure and sympathetic activity were reduced ( Figures  2 and 3) . Because of variability in the six decerebrate animals studied, none of these changes was statistically significant.
With even the lowest dose ( 1 mg/kg) of thiopentone, there was a marked reduction in the heart rate component of the baroreceptor reflex (Figure 1 , open area of right section). The responses of sympathetic activity and mean arterial pressure to baroreceptor stimulation were less obviously affected ( Figures 9. and 3) , except with thiopentone 8 mg/kg and higher, when some attenuation of these components of the reflex was apparent after the drug per se had produced relatively small reductions. Figure 7 , from one experiment, shows little depression of heart rate or mean arterial pressure two minutes after thiopentone injection, whereas there is some inhibition of the reflex responses, especially of heart rate.
Because of an initially changing baseline, effects on the baroreeeptor reflex could not be tested reliably until two minutes after injection.
ROLE OF THE VAGUS
In contrast to the bradycardia normally elicited, depressor nerve stimulation, caused only a small fall in heart rate after bilateral vagotomy in decerebrate or pentobarbitone-anaesthetized animals, indicating that this component of the reflex was mediated mainly by efferent vagal activity. When the distal end of the divided left vagus nerve was stimulated electrically, bradycardia was of similar magnitude to that evoked by depressor nerve stimulation ( Figure 8 ). Neither Althesin (0.2 ml/kg) nor thiopentone (8 mg/kg) reduced this response ( Figure 8 ), indicating that the attenuation of the reflex attributed to the drugs was due not to an atropine-like action at the neuroeffector junction, or to an effect on parasympathetic ganglia, but probably to a reduced vagal outflow of central origin. DISCUSSION These results show that in the mechanically ventilated rabbit, both Althesin and thiopentone produce a roughly parallel reduction of preganglionic sympathetic activity and mean arterial pressure. In view of the uncertainty about the equivalent anaesthetic ( or cardiovascular ) "potency" of the doses of Althesin and thiopentone which were employed here, the relative actions of the two agents cannot be compared with accuracy. However, the data confirm previous observations 15,16 that short-acting barbiturates depress sympathetic activity and arterial pressure in lightly anaesthetized and decerebrate cats, and show that Althesin may act similarly. Thus, the fall in arterial pressure caused by Althesin, which has been attributed previously in man largely to an effect on peripheral resistance2 ,4,~ may be due in part to a reduction in central sympathetic activity, as has been suggested for the barbiturates.
Intact
While Althesin showed similar effects in decerebrate animals and in those given pentobarbitone previously, depression of sympathetic activity was more pronounced in the presence of the background anaesthetic, presumably due to interaction of the two agents. Although decerebration eliminates this possibility, it involves removal of the hypothalamus and higher cerebral neurones which are concerned in neuroeirculatory control.
All the intravenous anaesthetics which have been investigated while mechanical ventilation is employed have been found to inhibit directly recorded preganglionic sympathetic discharge. The list includes thiopentone, xS,1G Althesin ( present study), methohexitone, ~6 pentobarbitone, 17,15 and ketamineJ 8 Unlike the others, ketamine is well known to cause pressor effects although not under all experimental conditions. 10 Neither Althesin nor thiopentone produced any substantial inhibition of baroreceptor-mediated reductions in sympathetic activity or arterial pressure. In some experiments, brief attenuation of these reflexes could be detected immediately after the injection of thiopentone 8 mg/kg or more. This may agree with observations made in cats, a~ although the use of 50 per cent nitrous oxide as a background "anaesthetic", 2~ and of aortic nerve stimulation in this species, z2 raises serious questions.
Evidence was obtained here that both Althesin and thiopentone in the lowest doses used inhibited the heart rate component of the baroreceptor reflex two minutes after injection. A similar finding was obtained in a recent study of ketalnine) s In addition, pentobarbitone 6 mg/kg ( which is higher than the regular background doses employed in our experiments) depresses this response of heart rate and has relatively little effect on the sympathetic and pressure components (unpublished observations ). Other workers have described inhibition of the bradycardia induced by vasopressor injection by thiopentone in man 23 and by Althesin in the catJ 4 In similar investigations propanidid caused no change, z4,a4 A special sensitivity of this response to intravenous anaesthetics could be attributable to central or peripheral vagal effects. With ketamine 18 and with Althesin or thiopentone in the present study, a peripheral vagal action was not detected. The evidence is, therefore, that central vagal pathways involved in the control of heart rate may be especially sensitive to anaesthetics; one conjecture could be that a greater number of synaptic connections are involved than in the control of sympathetic discharge. An apparently selective action of the intravenous anaesthetics could derive from their more rapid, less prolonged effects in comparison to inhalation agents.
When assessed by depressor nerve stimulation in the rabbit, 25 the inhalation agents cyclopropane, diethyl ether and halothane ( in descending order of "effect") markedly inhibited the sympathetic and arterial pressure components of the baroreceptor reflex. In that study, a selective action of the inhalation anaesthetics on the heart rate component was not sought, nor studied specifically, although inhibition was apparent. 2~* In man, nitrous oxide and halothane partially blocked the decrease in heart rate caused by phenylephriue injection3 a However, in another investigation, methoxyflurane was reported to exert no inhibition of the decrease in heart rate evoked by phenylephrine. 2~ *See Figure 6 of this reference.
Both thiopentone and Althesin reduce arterial pressure and increase heart rate in man. 6 While a selective blockade of central vagal pathways by intravenous anaesthetics could account for a relatively higher heart rate at a given arterial pressure, the clinical implications of such reflex "resetting" require further examination.
SUMMARY
In decerebrate rabbits which were mechanically ventilated, both Althesin and thiopentone depressed preganglionic sympathetic activity and arterial pressure. Conduction through central baroreceptor pathways, tested by depressor nerve stimulation, showed a selective inhibition of the heart rate response by both agents. Effects were similar with Althesin injection in animals which were lightly anaesthetized with pentobarbitone. Depression of the arterial pressure and sympathetic components of the baroreceptor reflex was apparent only with high doses.
RiSUM~,
Chez le lapin d~c~r~br6 ventilt m~caniquement, l'althesin comme le thiopental diminue ]'activite~ sympathique pr~ganglionnaire et la pression arttrielle. L'~tude de la conduction des baror~cepteurs centraux par stimulation des nerfs d~pres-seurs, montre une inhibition s~lective de la r~ponse chronotrope cardiaque par ces deux agents. Les effets sort semblables avec une injection d'althesin administr~e tt des animaux l~g~rement anesthesias au thiopentone. La diminution de la pression art~rielle et la d~pression des ~l~ments sympathiques du r~flexe baror~cepteur n'est pas apparent qu'aux trbs fortes doses.
